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ABSTRACT Human DNA flanking sites of eight human
immunodeficiency virus type 1 (HlV-1) proviral integrations
have been analyzed in isolates derived both from integrations
in an infected individual and from tissue culture. Sequence
analysis encompassing 80-3000 bp of human DNA on one or
both sides of the site of integration revealed that seven of the
eight HIV-1 proviruses had integrated directly into or within
one nucleosome's dice from an L1Hs or Alu repetitive
element. To compare this with the frequency at which human
Li or Alu elements sharing .70% identity with LMBs and Alu
consensus sequences would be encountered at random, >200
bp from each of 82 individual anonymously cloned segments of
human DNA were sequenced: L1Hs elements were encountered
in 8.5% of the 82 clones and Alu elements were encountered in
13.4% by using these homology windows. From these data it
appears that HIV-1 integrates into or near LMls elements with
an --6-fold higher frequency than would be expected if HIV-1
integration events were distributed uniformly throughout the
genome. A cumulative binomial probability test shows that
there is a 0.26% chance that one would arrive at these figures
by chance and puts the data well within a 99% confidence
interval. We propose that sites of L1Hs and Alu insertions
originally occurred in regions of chromatin that were more
easily accessible to the retroposon machinery and that these
regions are now acting as preferred integration sites for HIV-1.
Human immunodeficiency virus type 1 (HIV-1) causes pro-
gressive suppression of immune function in infected individ-
uals. In the life cycle of HIV-1, adherence to cells bearing
appropriate receptors is followed by internalization and re-
verse transcription of the viral RNA into a DNA provirus
which may remain as an unintegrated element or, in the case
of infected T cells, become integrated into the host chromo-
somal DNA following T-cell activation (1-3). Integration in T
cells is required for production of progeny virus (4, 5).
HIV-1 integration is catalyzed by a particle containing the
proviral DNA and several copies of HIV-1 integrase (6). The
target for this particle, the human genome, is a complex
mixture of unique genes with their controlling sequences,
centromeric and telomeric DNAs, a large amount ofDNA of
unknown function, and repeated DNA elements. Two of the
most common repeated DNA elements in the human genome
are the Li and Alu elements (7-9). Termed retroposons, Li
(human Li elements are termed L1Hs) and Alu elements
have been estimated to be present in the human genome at
roughly 100,000 and 900,000 copies, respectively, comprising
an estimated 5-10%6 of the genome each (10). L1Hs and Alu
elements share properties with the retroviruses, including
HIV-1, in that both include RNA and cDNA intermediates in
their replication cycles (7, 9) and L1Hs contains an open
reading frame (ORF) for a reverse transcriptase (RT) (ORF2
in Fig. 1 A and B). Deragon et al. (11) have reported virus-like
particles containing full-length L1Hs mRNA, RT activity,
and a possible capsid protein, and similar evidence has been
reported for murine cells (12). Many of the L1Hs elements
found in the human genome are defective, having been
truncated at their 5' ends (8). LiHs elements that are full-
length and active in transposition exist, as evidenced by a
case of hemophilia traced to an L1Hs insertion in the gene
coding for the blood clotting factor VIII (13). This particular
L1Hs element was absent from both parents' copies of the
factor VIII gene, indicating a new insertion event.
For HIV-1, most other retroviruses, and the retroposons,
there has been no evidence for integration at specific se-
quences in the genome as defined by a window of a few base
pairs on either side of the integration site. However, on the
scale of chromatin structure, where one nucleosome encom-
passes 200 bp, it is possible that within a few nucleosomes'
distance of the retroviral integration sites DNA sequences or
chromatin structures exist that provide strong integration
signals. Certainly the arrangement of eukaryotic DNA into
chromatin by the histone and nonhistone proteins is not
uniform-some regions of chromatin are condensed and
transcriptionally inert while other regions are decondensed,
transcriptionally active, and sensitive to nucleases. The
possibility that retroviruses and indeed the retroposons pref-
erentially integrate into active chromatin regions is an inter-
esting but unproven hypothesis. Some retroviruses prefer-
entially integrate into regions of the chromosome that are
actively transcribing RNA (14) or that are nuclease sensitive
(15). However, Pryciak and Varmus (16) noted that in vitro,
murine leukemia virus will preferentially integrate into DNA
protected by a nucleosome. And it is possible that there is a
linkage between Li or Alu elements and retrovirus integra-
tions either because the retroposons provide favorable tar-
gets for the retroviruses or because both elements sense the
same chromatin structures that provide preferred integration
sites. Evidence in favor of linkage is provided by studies
showing that Li and Alu elements tend to insert into or near
each other and that mouse mammary tumor virus DNA
integrates at a high frequency near mouse Li elements (17,
18) and that when foreign DNA is allowed to integrate into
mouse L cells, it colocalizes to mouse Li repetitive se-
quences (19). Finally, a recent study from this laboratory (20)
showed that a previously described (21) complexDNA repeat
in human DNA 850 bp from a site into which HIV-1 provirus
had integrated created an extremely strong binding and
cleavage site for topoisomerase II.
To investigate the possible linkage between HIV-1 inte-
gration sites and repetitive DNA elements, we have obtained
a series of clones of HIV-1 containing large segments of
flanking human DNA sequences and sequenced the flanking
Abbreviations: HIV, human immunodeficiency virus; LTR, long
terminal repeat; ORF, open reading frame; RT, reverse transcrip-
tase.
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FIG. 1. Eight HIV-1 proviral clones containing repetitive ele-
ments showing the position of the HIV-1 provirus and repetitive
elements. (A) A full-length L1Hs element. The putative RT-like
domain is denoted as ORF2. Note that A is not in scale with B and
C. (B) Arrangement ofclones SF2, SF73, pSG31B, and AYU6 around
the LlHs ORF2 and alignment of LlHs sequences contained around
proviral integrations with those in ORF2. Dashed lines from clones
to ORF2 denote placement of LlHs sequences found around the
integration sites. Black bars represent cellular flanking DNA,
hatched bar represents HIV-1 proviral sequences at 1/10th scale of
the cellular sequences. Arrows below repetitive elements show their
transcriptional orientation. Large arrowhead at the end of the
repetitive sequence denotes that the clone is truncated at this point
(SF73). (C) Map of clones SF162, pBENN7, and pSG95X, which
contain proviral integrations in and around Alu elements. Labeling is
as for B.
DNA. We examined eight HIV-1 provirus integrations de-
rived both from integrations in an infected individual and
from tissue culture. Sequence analysis encompassing 80-
3000 bp of human flanking DNA on one or both sides of the
site of integration revealed that four of the eight proviruses
had integrated directly into or within one nucleosome's
distance from an L1Hs element. From these data it appears
that HIV-1 integrates into or near L1Hs elements with an
n6-fold higher frequency than would be expected if HIV-1
integration events were distributed uniformly in the chromo-
some.
MATERIALS AND METHODS
Proviral and Flanking DNA. Plasmids containing proviral
isolates and flanking sequences were obtained from Cecilia
Cheng-Mayer (University ofCalifornia, San Francisco) (SF2,
SF162, and SF73), Beatrice Hahn (University of Alabama,
Birmingham) (pSG9SX, pSG31B, pPV60B, and AYU-6), and
the National Institutes of Health AIDS Research and Refer-
ence Program (courtesy of Malcolm Martin) (pBENN7).
Construction of an Anonymous Human DNA Library. Ge-
nomic DNA from cell line HUT78 (National Institutes of
Health AIDS Research and Reference Program) was pre-
pared by standard methods (22). Human genomic DNA (25
pg at 0.5 ug/pl in 10 mM Tris, pH 8.0/1 mM EDTA) was
sonicated with a Branson sonicator on maximum power for
40 sec and chilled on ice. This DNA was electrophoresed in
a 0.7% agarose gel, and DNA corresponding to 500-1000 bp
was excised from the gel and purified by electroelution. The
DNA ends were repaired with the large (Klenow) fragment of
DNA polymerase I (1 pg ofDNA, 250 uM dNTPs, and 5 units
of enzyme in 10 g1 of 50mM Tris, pH 7.6/10mM MgCl2) and
ligated into Sma I-digested, calf intestinal phosphatase-
treated pUC19 DNA. This mixture was transformed into
Escherichia coli XL1-BLUE MRF' cells (Stratagene) by the
CaCl2 procedure, and white colonies were tested for inserts
of the proper size by digestion of the resulting plasmid DNA
with EcoRI and HindIII.
Nucleotide Sequence Analysis. Clones that contained full-
length HIV-1 provirus were subcloned to separate the 5' and
3' long terminal repeats (LTRs) to facilitate the sequencing
using primers in the LTRs. Sequencing was performed by the
dideoxy method (23) using primers designed against clone
SF2 LTRs. To sequence the 5' flanking DNA, the primer
5'-CTCTTGTCTTCTTTGGG-3' was used. To sequence the
3' flanking DNA, the primer 5'-CCCTCAGACCCTTT-
TAG-3' was used. When appropriate, flanking DNA se-
quences were sequenced by using the universal M13 (-47)
and reverse M13 (-48) primers. Other primers to sequence
into the flanking regions were generated and used as neces-
sary. To sequence the anonymous clones, the universal M13
(-47) primer was used. Sequencing reactions were per-
formed with Sequenase version 2.0 (United States Biochem-
ical) and [a-[35S]thio]dATP and resolved in 5% polyacryl-
amide/8 M urea gels. Sequencing was performed at least
twice on all flanking sequences reported, and ambiguities
were resolved by repeated sequencing. Anonymous clones
were sequenced once, with ambiguities resolved by repeated
sequencing. Sequences of flanking DNA will be made avail-
able to GenBank as they are completed. Sequences were
compared to those in GenBank by using the FASTA program
(24).
RESULTS
Analysis of HIV-1 Proviral Flanking Sequences. To address
the possible linkage between sites of HIV-1 integration and
nearby repetitive DNA elements, we obtained as many
clones as possible containing an integrated HIV-1 provirus
and a significant amount of human flanking DNA derived
from the cloning of the HIV-1 isolate either from tissue
culture or directly from infected brain tissue (Table 1). Only
a limited number of such clones are available. The isolate
cloned directly from tissue (AYU-6) was of particular impor-
tance, as it consisted of a provirus isolated directly from an
in vivo integration and thus was free of any selective pressure
imposed by tissue culture passage. All of the isolates con-
tained from 80 bp to5 kb ofhuman DNA flanking one or both
ends of the integrated HIV-1 provirus. All or portions of the
human DNA were sequenced and the sequences were ex-
amined for the presence of unusual repeated elements and
homology to previously described sequences in GenBank
(Release 71) (Table 1). Almost all of the proviral integrations
analyzed were found to have occurred into or near a repet-
itive element of the L1Hs or Alu family, as described below.
Of the =45,000 copies of L1Hs in the human genome (see
below), only 40%o are full-length and only a few maintain
coding potential and contain the necessary sequence ele-
ments required for transposition. The majority are truncated
and differ in sequence by up to 35%. The degree ofdivergence
from a consensus L1Hs element can be used to determine the
subfamily from which the element was derived and to provide
information as to the approximate age of the element, be-
\
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Table 1. Analysis of proviral clones and their flanking
DNA sequences
DNA Repetitive Length of
sequenced, element identity, % identity to
Clone bp encountered bp consensus
SF2 2352 L1Hs 780 73
SF162 2841 Alu (1) 321 73
Alu (2) 312 80
SF73 803 L1Hs >803* 80
pSG31B 862 L1Hs 272 62
pSG95X 115 Alu 92 60
AYU6 825 L1Hs 777 63
pBENN7 444 Alu 312 76
pPV60B 218 None NA NA
Sequences were aligned relative to GenBank sequences according
to algorithms described previously (23). Any individual Alu or L1Hs
element encountered in the human genome may vary significantly
from others and from the consensus. We show the percent identity
for each relative to the consensus.
*This clone could not be entirely sequenced. Sequence data end with
L1Hs identity, but the identity probably continues beyond this
figure (see text).
cause nonfunctional elements are assumed to accumulate
mutations at a constant rate. For our analyses, we compared
the flanking and anonymous sequences to the sequences
present in GenBank to determine whether they contained
homologies to any known sequences. When we encountered
a repetitive element, its homology to a consensus L1Hs
which was full-length and contained both ORFs (GenBank
sequence name, HUMTNL22) or a full-length consensus
human Alu element (HUMALURP7) was determined.
Clone AYU-6 derived from uncultured HIV-1-infected
brain contains the 5' portion of a HIV-1 genome and %4 kb
of the flanking sequences (25). In the 825 bp we have
sequenced upstream of the integration site, the first 58 bp
immediately upstream of the provirus show no significant
similarity to any reported sequence; however, the following
777 bp are 63% identical to the consensus L1Hs element (Fig.
1B). Analysis of smaller regions (=200 bp) shows the exis-
tence of regions with identity to the consensus of up to 75%.
This provirus lies in the same transcriptional orientation as
the L1Hs element.
The human flanking DNA of provirus SF2, derived from
tissue culture, has been reported to contain L1Hs sequences
(26). This L1Hs element lies in the same transcriptional
orientation as the provirus and contains 780 bp of L1Hs
sequence with 73% identity to a human L1Hs consensus,
beginning 175 bp 5' to the HIV-1 provirus and ending 605 bp
to the 3' end of the provirus. The position of integration into
the L1Hs element is near nucleotide 2800 of the human L1Hs
consensus, which is in the L1Hs RT ORF (Fig. 1B).
Clone SF162 had been reported to lack repetitive se-
quences in the human DNA within -200 bp ofthe integration
site (26). However, our sequencing has revealed that 217 bp
upstream ofthe integration site lies a 321-bp Alu element with
73% identity to the Alu consensus over its entire length. This
Alu element is opposite in its transcriptional orientation
compared with that of the provirus. Approximately 2.7 kb
farther upstream is another Alu element, 312 bp long and
arranged in the same transcriptional orientation as the HIV-1
provirus (Fig. 1C).
The 3' portion of clone SF73 contains 803 bp of flanking
human DNA. This entire 803-bp segment contains L1Hs
sequences with 80% identity to the L1Hs consensus in the
same transcriptional orientation as the provirus (Fig. 1B).
Since there was no endpoint in the DNA sequence and the 5'
flanking DNA is not available for this clone we assume that
this L1Hs element is larger than 803 bp. Here integration
occurred at position 3652 with respect to the LlHs consensus
which is also in the RT ORE.
Clone pSG31B was found to contain an LlHs element 208
bp downstream from the HIV-1 integration site, lying in the
same transcriptional orientation as the provirus. This seg-
ment ofLlHs is 272 bp long and has 72% identity to the LlHs
consensus (Fig. 1B).
Clone pSG9SX represents a provirus that has integrated
into an ancient Alu element (Fig. 1C). Human flanking DNA
directly adjacent to the 3' end of the provirus revealed 60%o
identity to 90 bp of Alu sequence. Upstream sequences did
not show homology to Alu sequences. This indicates that this
provirus integrated adjacent to a truncated Alu element or
that, subsequent to proviral integration, the Alu sequences 5'
to the provirus were lost.
The clone pBENN7 contains only the 5' flanking se-
quences from this provirus. A 312-bp Alu element lies 90 bp
to the 5' side of this provirus and is 73% homologous to the
Alu element consensus (Fig. 1C).
Clone pPV60B contains no repetitive sequences in the
regions we have sequenced. Although pPV60B contains no
repetitive DNA to the 5' side of the provirus, this clone
contains only 80 bp of flanking sequence to its 3' side.
Because we encountered repetitive sequence up to 217 bp
away from the other proviruses and because there was
considerably less flankingDNA to the 3' side ofthis provirus,
it was not possible to definitively determine whether this
integration event occurred near a repetitive element on the 3'
side.
Analysis of an Anonymous Human Clone Library. Esti-
mates of the fraction of the human genome consisting of
LlHs and Alu elements have been made on the basis of
hybridization to probes containing the most abundant (3') end
of LlHs and all of Alu and suggest that they are present at
107,000 and 900,000 copies, respectively (10). However, for
the work here, it was essential to directly determine these
values by using the same sequence search parameters and
homology windows applied to identify LlHs and Alu ele-
ments near the integrated HIV-1 proviruses. To obtain such
values, a library of randomly sheared human DNA was
constructed to avoid any sequence bias in the generation of
the library. More than 200 bp of the cloned human DNA
beginning at the junction of the human DNA and plasmid
vector was sequenced from each of 82 independent anony-
mous clones from this library, for a total of 18,402 bp of
sequence (Table 2). Of the 82 clones, 7 contained LlHs
sequences and 11 contained Alu sequences as judged by the
same search parameters used in the analysis of the proviral
flanking sequences above. This is equivalent to 8.5% of the
clones containing LlHs sequence. As a nucleotide compo-
Table 2. Comparison of anonymous clones and proviral
flanking sequences
L1Hs Alu
Anonymous clones (18,042 bp)
No. of repetitive elements 7 11
Base pairs of repetitive element sequence 1546 3078
% element with respect to total clones 8.5 13.4
% element with respect to total base pairs 8.4 16.7
Proviral flanking sequences (8884 bp)
No. of repetitive elements 4 3
Base pairs of repetitive element sequence 2754 1037
% element with respect to total clones 50 37
% element with respect to total base pairs 31 12
Fold enrichment in proviral flanking sequences
with respect to no. of clones 6 3
The number and relative frequency of L1Hs and Alu elements
encountered in the 82 individual clones and in the eight proviral
flanking sequences are summarized.
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sition of the library sequence, L1Hs comprised 8.4% of the
total base pairs. Alu sequence was contained in 13.4% of the
clones and comprised 16.7% of the total base pairs in the
sequence from the anonymous clones.
The number of repetitive elements in the human genome
can be estimated by multiplying the size ofthe human genome
(3 x 109 bp) by the frequency of encountering an element and
by dividing by the mean size of the repetitive element in base
pairs. If one uses a value of 300 bp for Alu (full-length) and
a mean size of 3 kb for L1Hs elements, then from the values
above, one would predict that there are 85,000 copies of the
L1Hs repeat and 1,500,000 copies of the Alu repeat in the
human genome.
To determine the statistical significance of our data, we
applied the test of cumulative binomial probability. The test
uses the equation
n n!
Zk!(-J pJ.(l - p)n-ij=kj!(n -.1)!
to compute the probability of the event occurring k or more
times with n trials and a probability of the event occurring
with probabilityp per trial. In this study, n = 8 (eight clones),
k = 4 (four clones containing L1Hs sequences), and P = 0.085
(8.5% of random clones contain L1Hs sequences). The
summation using these values is 0.0026 or 0.26%, which is
well within a 99%o confidence interval that the colocalization
does not occur at random.
DISCUSSION
In this study we analyzed the human DNA sequences flank-
ing one or both sides of eight different HIV-1 integration
events in the human genome. In seven of the eight, it was
found that HIV-1 had integrated into or adjacent to an L1Hs
orAlu element (four ofeight for L1Hs; three of eight for Alu).
Sequencing of 82 randomly selected segments of the human
genome derived from cloning sheared human DNA provided
an unbiased estimate of the frequency of encountering an
L1Hs or Alu element at random. These values indicated that
8.5% of the human genome consisted of sequences with at
least 70%6 identity to a human L1Hs consensus and that 13.6%
of the human genome consisted of sequences with at least
700% identity to a human Alu consensus. Based on these eight
integration events, the data point to a high probability of
HIV-1 integrating into or near retroposons, in particular, an
enrichment in integrations into or near L1Hs.
This study involved an analysis of eight HIV-1 integration
events, one derived by cloning directly from infected human
tissue and seven from integrations of HIV-1 in tissue culture.
As yet only a few clones have been generated in which an
HIV-1 provirus has been rescued following integration to-
gether with a sizable amount (>1 kb) of host DNA adjoining
one or both sides of the provirus. As additional examples are
produced by work in this and other laboratories, it will be
possible to extend these studies in much greater depth.
However, the strong preference for integration into or near
retroposons-in particular LlHs, described here-makes it
likely that this preference will be supported by future studies.
Here, several different HIV-1 strains were encompassed in
the set of eight integration events. It seems unlikely that there
would be a strong dependence of the site of integration on
minor variations of the HIV-1 sequence. Further, even in a
single infected individual, a variety of sequence variants
arise.
Our analysis of >18 kb of sequence from randomly sheared
human DNA indicates that if one accepts an identity of .70%
to the human LIHs and Alu consensuses, segments in the
human genome fitting this criterion will be found at random
8.5% of the time for L1Hs and 13.4% of the time for Alu.
These values translate to =85,000 L1Hs segments and =1.5
x 106 Alu segments for these identity windows. Hwu et al.
(10) obtained a value of 107,000 copies of L1Hs from hybrid-
ization data by using a probe complementary to the most
frequently encountered portion (3' end) of L1Hs. Given their
estimate of a 15% uncertainty in their measurements and the
use of a probe to the most common portion of L1Hs, and our
arbitrary selection of a .70%o window of homology, these
values are in very good agreement. Finally, it should be noted
that our value depends on the value selected for the mean size
ofthe L1Hs element, a value taken here to be 3 kb. Our value
for Alu elements, however, is 60% greater than that obtained
by Hwu et al. (10) but agrees with more recent estimates
derived from studies using Alu elements as markers in the
Human Genome Project (R. Kandpal and S. Weissman,
personal communication). The reason for this difference is
not clear.
Based on our values, if L1Hs and Alu elements were
distributed at random, an L1Hs element would be encoun-
tered on the average every 35 kb and an Alu element every
2 kb. For a simple analysis, integration into versus near an
L1Hs or Alu element can be equated, since the integrations
near an L1Hs or Alu element were within 220 bp of the
element. With this simplification, if (i) HIV-1 integrates
uniformly in the human genome, (ii) L1Hs and Alu elements
are distributed uniformly, and (iii) there is no linkage between
HIV-1 integrations and L1Hs or Alu placement, then one
would expect integration into or close to (within =200 bp) an
L1Hs element to occur 1 out ofevery 12 times (8.5%) and into
or close to an Alu element 1 out of every 7.5 times (13.4%).
Here we found that 4 of8 integration events had occurred into
or close to an LlHs-an enrichment of &6-fold. In addition,
3 out of 8 integrations occurred into or close to an Alu
element, an almost 3-fold increase in frequency. We calcu-
lated that this is a statistically significant enrichment for
integration into Li elements that is well within a 99%o
confidence interval. A similar statistical analysis for the Alu
elements revealed that the 3-fold enrichment was not statis-
tically significant.
Li and Alu elements are not distributed at random in the
genome but are clustered. Li elements tend to integrate into
regions ofthe chromosome that are very A+T-rich (7) and are
themselves very A+T-rich (27). Li colocalizes with Giemsa
dark bands and long complex repeat units, both ofwhich are
very A+T-rich whereas Alu elements tend to localize, al-
though not exclusively, in the G+C-rich Giemsa light bands
(28, 29). The overall A+T content in the sequences flanking
the HIV-1 integration sites sequenced here was 70% (data not
shown). Li and Alu elements are known to cluster near each
other and even to transpose into each other (7). While this
clustering complicates the prediction offrequencies ofHIV-1
integration into or near these retroposons, if HIV-1 were to
integrate uniformly, depending on the target size selected it
would predict even lower values for HIV-1 integration.
In all four cases of retroviral integration near or into an
L1Hs element, the provirus integrated into the putative RT
ORF or within =200 bp downstream of L1Hs RT ORF
sequences. Isolates SF2, SF73, and pSG31B all contain L1Hs
sequences that lie within a 2-kb tract with respect to the
full-length L1Hs (Fig. 1B). When one includes isolate AYU6,
these sequences lie within a 3-kb tract with respect to the
full-length consensus. Preferential HIV-1 integration into the
RT ORF may not be surprising, since it is near the 3' end of
L1Hs and the majority of Li elements are truncated at their
5' end. It is curious, however, that the Li sequences in these
clones contain portions of the second ORE but lack the 3'
untranslated region, since most truncated clones ofLi found
to date contain the 3' untranslated region and various
amounts of upstream sequence.
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Although the vast majority ofLi elements are defective for
further transposition, a few are functional transposable ele-
ments, maintaining transcriptional and coding potential and
presumably driving the insertion process further. Indeed, Li
ORF RNA transcripts and protein translation products have
been detected in vivo directly and indirectly (11, 29-31) as
have ribonucleoprotein particles containing Li RNA (11, 12).
Defective Li elements are those that have lost sequences due
to recombination, truncation prior to insertion, or other
mutations. From our sequence data we do not know whether
some of the LiHs elements encountered are full-length or
not, although several were clearly truncated. The nucleotide
sequences of the LiHs elements contained in the flanking
regions of the integrated proviruses examined here were
never >75% identical to an LiHs consensus (13) (a full-
length, recently inserted element) and contained frequent
stop codons. In contrast, two of the seven LiHs sequences
encountered in the random sequencing effort were >95%
homologous to the LiHs consensus and lacked stop codons
over their entire length. From this we conclude that the LiHs
elements encountered near HIV-1 are all evolutionarily old,
nonfunctional elements. Since there are more old than new
LiHs elements in the human genome, further studies will be
required to determine whether there is a bias against new
L1Hs elements. However, these findings argue that the
strong preference for HIV-1 integration into or near LiHs
may reflect the local chromatin structure around LiHs rather
than the presence of a functioning LiHs element itself.
An attractive model to explain these results is that scat-
tered throughout the chromosomes are sites where the chro-
matin is more readily susceptible to retroposon insertion,
possibly due to chromatin structure, and that during the time
that Li and Alu elements have coexisted with the mammalian
genome, they have sought out the most attractive of these
sites, which can now be identified by the presence of an Li
or Alu element. If such sites remain accessible following Li
or Alu insertion, then they would present natural targets for
retroviral integration or insertion ofother foreign DNAs. This
model is supported by the findings of others of mouse
mammary tumor virus insertion into LlHs-like elements (17,
18), preferential insertion of transfected DNA into Li (19),
insertion of retroposons into and near each other, and now,
as described here, the preferential tracking ofHIV-1 to L1Hs
elements in particular.
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